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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

TIME-EISTORY DATA OF MANEUVERS PERFORMED BY
AN PF-86A AIRPLANE DURING SQUADRON
OPERATIONAL TRAINING

By Campbell Henderson, James Thornton, and Alton Mayo
SUMMARY

Preliminary results of one phese of a control-motion study program
are pregsenied in the form of plots of icad factor and angular accelera-

tion against indicated alrspeed and of time historles of several meagured
quantities. The resultis were obtalned from 197 maneuvers performed by an

F-86A jet-fighter airplane during normal squedron operationsl training.
Most of the tacticel maneuvers of which the F~86A is capable were per-
formed at pressure altitudes ranging from ¢ to 32,000 feet and at indi-
cated sirspeeds ranging from 95 to 650 miles per hour.

-

INTRODUCTION

The present methods of determining talil-surface deslgn loads
require, among other things, a knowledge of the control-surface motlon.
In the usual methods, control-surface motions or load-factor variations
with time are specified so as to obtaln maximum design loads; however,

the actual control motions and load-factor variations obtained Iin regular

operational flying may differ sppreclably from the speclfied varlations.

In order to gein Informetion on the actual control motion used in
flight, the Netional Advisory Committee for Aeronsutics In cooperation
with the U. 5. AIr ¥Force and the Bureau of Aeronautics is conducting a
control-motion study program dlrected toward obtaining sample measure-
mente on several flghter~type airplanes of rate, amounts, and combina-
tions of control motione used by service pilots in carrying out regular
operational missions. References 1 end 2 are the first papers written
under this program. From the results obtained 1t may be possible to
specify more practlcal design criteria for tall-surface loads based on
1actual_9ritical control-gurface motions. This procedure could result
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in welght saving, increase ir performance and, in addition, the infor- ‘ I
mation obtained would be useful in the design of airplane control boost '
systems, ) : . '_'

This paper concludes the collection of data on the F—86A alrplane
begun in reference ‘1. In order to expedite the presentation of the
data, only a summary analysls is included tc ghow maximum or critical
values. The summary of the results of referénde I are also included so
that all of the available data on the F=86A.may be displayed. A cam-
parison with the results from the FoH-2 airplane of reference 2 is also

included.

INSTRUMENTS

Al e

Standard NACA photographic instruments were used o record (1) the
quantities defining Tlight. conditions - that is, alrspeed, altitude,
slat position, and’ speed-brake position; (2) the imposed control-surface
motiong; and’ (3) the respohse of the airplane 1n terms of angular veloc-
ity, load factors, and the sldeslip angle. The recorders were synchro-
nized at l-second intervals by means of a common ‘tining circuit. The
film capacity of the various 1nstruments allowed 80 minutes of flight to
be recorded. This amount of time was usually enough to récord the com-~
plete flight. In order to relieve the pilot of any recording-instrument
switching procedure, and thus assist in obtaining normal operations, a
pressure switch was used to turn on automatlcally the recording instru- J
ments at an Indicated ailrspeed of approximately Q0 miles per hour. With
the exception of the three-component accelerometer, which was in a fuse-
lage access campartment. above the wing, the recording instruments were
mounted im the nose géction. L _ _ }

e

A gtandsrd twoécell ‘pressure recordexr connétted to the airplane
service system was used to measure the altitide and alrspeed. The
service gystem employs ‘® total-pressuré tube located 1in the nose inlet
and flush static<pressure orifices on both sides of the lower fuselage

forward of the wing root. (See fig. 1.)

Y

Microswitches werée used on the right speed brake and slat to Indi-
cate the fully closed position of these surfaces. The control-surface
angled were measured by transmitters installed at the control surfaces.
The elevator, rudder; and stabilizer transmitters were instelled inside
the tail fairing to take” meéasurements at the inner binge. The trans- ¥
nitter for the right aileron was located externally on the wing at ' :
approximately the aileron midspan.

-

Angular velocities were recorded about three mitually perpendiculer ;?
axes 1ln which the reference fore-~and-aft axis is the one cammonly used
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for leveling the alrplane. (See fig. 1. ) The load factors along these
axes were recorded by an air-damped three-component accelerometer
located in the fuselage 3.1 feet forward, 1.3 fe&it sbove, and 1. 8 feet .
to the left of the measured center of gravity with full fuel

Sideslip angle was measured during the first two flights by & vane
mounted on a boom extending forward from the left wing. The measurement
of sideslip engle was interrupted by mechanical difficultlies and was not
resumed until the last two flights, when the vane wes mounted on the nose
of the alrplane. :

The estimated accuracies of the recorded quantities based on instru-
ment accuracy, the range and frequency of the instrument, and a reading
accuracy of 0.0l inch are as follows:
Y F86A FiH-2

Indicated airspeed, Vi, mllegs per hour . . . . ¢ ¢« ¢« s ¢ o o & @ +5
Pressure altitude, Hp, feet . .« ¢« v v ¢ v v & v o o s ¢ o o o« « %5
Control positlion, degrees « « « « « v ¢ ¢ v o ¢ &t ¢ o 4 o s 0o EOS
Normal logd fACEOT o o i s o + o e o o o o s o o« o o o o % o« o « 0.1 oy

+
Longitudinal and trensverse 1oad fACLOT « + o « « o« o« « « « « « » £0.01 *.02
Rolling angular velocity, radians per sécond . ¢« « + + o« +. « .« *O.1
Pitching and yawing angular veloclty, radians per gecond. . . . . ¥0.02
Sldesllp angle, degrees . « « « ¢« o o « « 2 o ¢ s o v « o o & « » *0.3

All the recording instruments were damped to about 0.65 of critical
demping. The natural frequencies of the elements in the three~component
accelerometer were selected to glve the best compromise value which would
minimize the magnitudes of extraneous vibratory accelerations and still
give a correct response to the maneuver accelerations

In order to expedite the presentation of time—history results, all
the instruments were adjusted to specified sensitivities and the film
drums were adjusted so that they ren at the same constant speed. Thus,
in many cases, it was possible to trace the record lines directly onto
the data sheets. Those records on which either the f1lm speed hed devi-
ated from the selected stendard, or 1n which it was desired to change
the sensitivity for the purpose of showing the deta better, were proc-
esged on a specisl photographic enlarger which made it possible elther -
to shrink or expand either the vertical or horizontal dimension of the
film independentiy of each ‘other. By means of this device the detalls

of the film records are more accurately reproduced in time-history form.

ATRPLANE AND TESTS

The F-86A alrplene used in these tests was essentially the same asg
the airplane used in reference 1. ‘/~The externasl appearance and the welght



L A NACA RM L52C19

and balance of the airplane was altered as little as possible by the
addition of the instrumentation. A three-view drawing of the F-86A alr-
plane is given in figure 1 and 1ts characteristics are glven in table I.
The moments of inertils given in table I are estimated values made in
accordance with the latest information available.

The tests were conducted during the months of February to April 1951
and consisted of seventeen normal operational-tralming Flights and two
requested flights in which the pllot was instructed to de epecific meneu-
vers. The operational flights included familiarization, aerobatics,
bombing runs, dog fights, and sn engine-test flight. The maneuvers per-
formed during operational flights consisted of turns, dives and diving
pull-outs, pull-ups, slow rolls, barrel rolls, lcops, Immelmen turns,
lazy eights, wing-overs, and stalls. The airplane was flown at alti-
tudes ranging from O to 32,000 feet and at airspeeds ranging from g5 to
650 miles per hour.

Five pllots participated in the tests during which the alrplane was
flown for approximately 11 hours of recorded time in which were included
approximately 3 hours of maneuver time. No atiempt was made 1n any way
to specify either the type or the geverity of the meneuvers. Since the
pPllots were not to be identifiled with the results, they were instructed
to handle the alrplane normally and were assured that the instrumentation
would not restrict them in any way. '

METHOD AND RESULTS

The results of this flight program are presented in figures 2
to 229. All the maneuvers performed during the operaticnal flights plus
three landings are presented In figures 2 to 201 as time histories of the
measured quantitles. The maneuvers performed during the two reguested
flights are presented in figures 202 to 22k, Data from these two flights,
however, are not included in analysis figures 225 to 22G.

A comparlson between the normal load factors obtained 1n these tests
and the operationsl V-n diagram for the F-86A ig presented in figure 225.
The maximum transverse load factors and the corresponding indicated air-
speeds are presented in figure 226. The variation of maximum pltching,
rolling, and yawing angular acceleration with indicated airspeed is shown
in figures 227, 228, and 229, respectively. Data from reference 1l are
also included in figures 225 and 227 to 229 in order to meke them more
complete.

All the maneuvers performed durlng the 19 flights are presented in

figures 2 to 224 as time histories of the measured quantities. Included
in the legend of the time-history figures 1s a classification of the type

"
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of maneuver, estimated airplane weight, and estimated flight center-of-
gravity location. The clagsification of the maneuvers was of necessity
done in & general sense since it was sometimes difficult to determine
from the flight records exactly the type of msneuver performed. Same
of the standerd maneuvers are defined in references 3 and 4. The in-
fl1ight airplane weight and center-of-gravity locetion were estimated on
the basis of the total amount of fuel used and the total time of the
flight including warm-up, taxying, and actual Fflight.

In the time histories, load factors assoclated wlth forces acting
up, forward, and to the left are posltive. Nose up, nose right, and
right wing down are posltive for the pltching, yawing, and rolling
angular veloclties which are given in radisns per second. No correc-
tiong have been made to the load factors for the effect of angular
velocities or angular accelerations due to the displacement of the
accelerometer from the center of gravity.

The alrspeed used is an indicated alrspeed which is defined as the
reading of a differential pressure airspeed indicator, calibrated in
accordance with the accepted standard adisbetic formule to indicate true
airspeed for standard sea-level conditions only (uncorrected for instru-
ment and installation errors) and the altitude is the NACA staendard pres-
sure altitude. The cantrol positions shown in the time-history flgures
were meagured with respect to the neutral position of the surfaces except
for the stabilizer position which was measured with respect to the zero

position of the cockpit Indicator. Only the right aileron position wes
measured. :

The sldesllp angle shown in the time histories is the angle between
the alrplane longitudinal axis and the relative wind. Right sideslip
indicates that the relative wind is from s direction to the right of the
alrplene's longitudinal axlis. Perlods durlng which the right wing slat
and speed brake were open are indicated in the time histories by arrowed
lines.

The time histories are arranged in this paper according to the
maneuver classification shown in table II. The loasd factors shown in
figures 225 and 226 are meximum values teken from the time histories.

The V-n envelope shown in figure 225 by the dashed and solld llnes are,
respectively, the 1imlt envelope and the operational limitations for the
test airplane as specified by Alr Force technical orders. The load-
factor test points shown In figure 225 were selected fram the time histo-
ries s0 as to give the fullest envelope, and the values shown are without
correctione for angular velocity or angular accelerstion since the cor-
rections were found to be small. The maximum transverge load factors
shown in figure 226 sre corrected only for the effects of rolling angular
velocities and acceleretlions.

-
P
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The maximum angular accelerations shown _in figures 227, 228, and
229 were obtaiuned from the slope of the appropriate. angular velocity .
curve in the time histories. The accelerations selected were the maxi- o
mum values octurring in each portion of the. curves where fthere exlgted
values of accelerations larger than a’ threshold value of approximately-
0.1 radian per second per second for pitch and ‘yaw and 0.5 radian per
second per second for. roll.

DISCUSSION

Although this investigation was limited to relatively few hours of
actual Flying; the data obtalned represent a cross section of the maneu-
vers performed during operational training and include a majorlty of the . —
tactical maneuvers used. :

The highest positive value of norimal load Factor measured on this
airplane was about 5.5 which occurred in an inclined- loop and in sevw
eral pull-ups. (See figs. 34, ik, and 81.) ‘However, values of about 6 .
were measured in pull-ups on the airplane of reference 1. (See - , .
fig. 225.) The largest negative nofmal load factor measured, -0.2, was T
essoclated with the recovery from & pull-up. (See fig. 14.) It can be
seen in figure 225 that the operational limits Ffor cambinations of losd
factor, ‘alrspeed, and altitude were not exceeded 1n any significant .
amount except in the low airaspeed range from 100 to 150 miles per hour. . i
Those values of the load factor which excéed the solid boundaries in = . PR
this speed range are, however, generally asgsociated with large values of -
the pitching velocity. (See figs. 28, 29, 35, and. 38.) This result is oL
not unexpécted since -1t is known that the lifting capacity of a wing is .
increased at higher rates of pitching velocity.

The largest rates and amounts of’ elevator: movements measured o e
occurred during landings &nd maneuvers such as Immelman turns, locps,
stalls, turns, and recovery from dives. The largest poslitive elevator
movements occurred in loops, stells, split-S,- turns, and landings. (See
figs. 29, 50, 198, and 201.) At least two pull-ups were made using the
stabilizer. (See Ffigs. 14 and 21.) The largest negative elevator move-
mentg occurred in push-downs, split-S maneuvers, dives, and turns. (Bee
figs. 21, 51, 54, and 121.) The largest negative rates of elevator
movement occurred in split-S maneuvers, turna, stalls, and landings.
(See figs. 51, 123, and 199.) -

The largest positive pitching acceleration vbtained in these tests =
was 1.2 radians per secbnd per second and occurred in & sharp right turm I
(see fig. 132) at an indicated airspeed of 330 miles per hour. The ' o
greatest negative pltching acceleratlcn, ~1.33 radians per second per x(
second, occurred during the same sharp “right turn at an indicated
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airspeed of 320 miles per hour. A meximum value of -1.55 radlans per
second per second wes obtained during a rapid recovery from & pull-up
on the alrplane of reference 1. - (See fig. 227.)

The maximum rolliing accelerations obtained in these tests occurred
at about 400 miles per hour indicated airspeed, and amounted to +5.3
and -T7.5 redians per second per second. Maximum rolling accelerations
decreased ahove and below 40Q miles per hour indicated airspeed. The
maximum rolling velocity, 2.k radiens per second, occurred in a barrel
roll (fig. 80) at an eltitude of approximately 20,000 feet and at an
indicated edrspeed of 307 miles per hour. This maximum iz somewhat
larger than the maximum, 1.7 at 300 knots, obteined in reference 2 for
a8 stralght-wing fighter airplane with an average flight weight of
approximately 16,000 pounds.

The maximum positive yawlng scceleratlon .in the operational tests
(fig. 229) occurred at about 350 miles per hour in & gentle climbing
turn end was 0.6 radian per gecand per second. The maximum negative
yawing acceleratians were algo about O, 6 rediens per second per second,
and were obtained at 325 and 525 miles per hour in s barrel roll and
right turn, respectlively.

The maximum transverse load factors measured were 0.35 and -0.5k;
both of these values accurred during barrel rolls. (See fig. 81.)
However, when the angular veloclty and acceleration corrections are
epplied to these values, the maximum transverse load factors become
0.24 and -0.L44k. An examination of figure 226 shows that lesser values
of the maximum transverse load factor occur much more frequently.

From exsmination of the time-history figures for a given maneuver
classlfication it may be seen that, 1ln general, the barrel rolles incor=-
porated moderate.elevator movements, small rudder movements and moderate
to large sileron movements which were often made &t high rates. All
three angular veloclties were in most cases high, but in any particular
barrel roll any one of the three may have deviated greatly from the
smount normally found In the maneuver. Angular accelerastions were
usually high, but in most cases, the normal load factors were small.

The more severe dive pull~outs involved movements of the stabllizer,
speed brake, and the elevator. The amount of elevetor required to
execute the recovery from the dive wes, in scme cases, considerably
reduced by the use of the stabllizer and by the opening of the speed
brekes. As the normal load factor espproached the 1limit velue of 6, high
rates of elevator movement were used to prevent exceeding the oper-
ationel 1imit,.
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The chandelles were performed at high speeds ‘'often with high normal
load factors. The control motion retes and amounts were moderate and no
excessive angular velocities or acceleratioms occurred in the maneuver.

The turns were performed at varlous normal load factors up to a
maximum value of about 4, Large aileron displacements and rates of move-
ment were used In some of the turns and In some of the high load factor
turns, high elevator rates were also used.

The split-S maneuvers were initiated at low ailrspeeds and usually
the speed brakes remained open throughout the maneuver. Normal load
factors of about 4 were obtained during the pull-dut at the end of the
meneuver. Large alleron movements and high rates of aileron and ele-
veator movement were encountered in the maneuver,

The loops involved large airspeed and altitude verietions, but only
moderate load factors were imposed on the airplane. Ajileron and rudder
displacements were usually small except in the ceses where, at the top
of the loop, the alrplane approached the stall; then, moderate amounts
of aileron and rudder were used’ to hold the airplane in the maneuver.
Large elevator displacements were encountered but movement rates were
usually low.

The Immelman turne were initiated at various alrspeeds and the
maximum normel load fectors encountered in the maneuver depended scme-
what on the Initial alrspeed. In the more severe Immelman maneuver, the
operational normal load factor limit was In several cases closely
approached. Moderate to large aileron displacements were used in the
half-roll recovery, but rolling velocities were usually low.

The landings in the cases recorded involved large elevatcr displace-
ments and rates of movement, moderate to large amounts of stabilizer
movement, and swall to moderate amounts of rudder motiomn. High ailleron
movement rates were often used at the beginning of the turn for the final
approach.

A comparison of the summary figures of reference 2 and those of this
paper shows that for both alrplanes the main concentration of points of
maximim angular acceleration occurred in approximately the same airspeed
range. The comparison also shows that these test conducted with an
F-86A airplane obtained higher maximum values of pitching and rolling
acceleration end epproximately the same maximum values of yawlng eccel-
eration and normal load factor as were obtained with the FZH-2 airplane
reported in reference 2.

Langley Aeronsutical Laboratory
Ketional Advisory Committee for Aeronsautics
Langley Fleld, Va.

o
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TABLE I

DIMENSIONS AND CHARACTERISTICS OF F-86A AYRPLANE

Wing:

Total area (incliding flaps, eslats, and 49.92 sq ft covered by fuselage), sd £t . . . . . . . - 287.90
Spal, Ft ¢ + ¢ ¢ 4 st e t 4 4 s e e 4 v 4 v s e s n e e e e s e s s s e s e e s 3712
ABPECE TALLO « « o « o o o o s o « « o s s s o ¢ s o o a v v o s s s e v u e a e B.TE
Taper ratio « « « « « « « o «  a e s e e e 4 e d e e e e et e s s e w e aae e« D513,
Mean aerodynsmic chord (\r.tng station98 Tl messured normsl to center Mne), fn. . . . .. . . 97.03
Sweepback Of 0.25-chord 1306, €€ « « + o o « o « o s s s s s o ¢ o s s s o v s s s 0 u o o« 352I
Incidence of root chord (wing station 0), @@ « o v ¢ = ¢ o & « 5 o 2 o =« o s = o s « s o s s » 1.0
Incldence of tip chord (wing station 220.8), deg . « . . + ¢ ¢« v 4« ¢ ¢ ¢« « s o e e« s s s o« o » =10
Dihedral, 48 « « « » « « . et e it et e st i e e e 30
Rootairfoilsection(noma.ltoo.z-chord.line) e st s e s s e s e e e s e s e s« NACA OO1L2-EH

2
2
8
2

Tip eirfoll secticn (normsl 0 0.25-chor® 1INE} « ¢ o « « + o o « = o o o o o » o « o &

A:Lleronarea(ea.ch},sqft...........................,...... 18.6
Aileron static control limite, deg . . . . . P e e e e e e 15

Distance from reference datum (nose) to 1ead.ing ed.ge of mea.n aerod,y-namic chord. in. .. .. . 16426

Horizontel teil: e e e e e e
Total a.rea (i.ncludes 1.20 sq £t covered. by fuaelage), sq Tt . . .

Span, £ « + s 5 o ¢+ 4 4 s 4 4 e s e s e e s e e e s e s s e e e oma e et eoa e L2TD
Mean serodynamic chord (horizontal-tafl stética 33.54 4r.), dm. .. . . . ... .. ..... 371
Sweepback Of 0.25-chord 14ne, deg « « -« « = « « = « o o« s « s 2 s s s s o s s o v o o s s 0« 3h59
Dihedrel, @@E « « o« ¢ ¢ o « ¢ s ¢ o« « s 5 ¢ s o s o 8 & s ¢ s o 2 .t s v s e v s b s e s e e 10.0
Alrfoll section (parallel to center 1IME) o « o« 4 « o o « v « s « « ¢ » o s o o « « « « « NACA D010-64
Teil length (0.258 0 0.25Ct), I0e & 4 ¢ ¢ ¢ ¢« ¢ 4 o o s e e o s s v o o v s 0 oo oo aea« 2175
Blevator area (€ach), 8@ FH « o o & « o ¢ o o o o = o o ¢« o s s o ¢« s o o« s s 5 s o« o o = s 4 5.05
Elevator static contral limits (from neutral position), deg -
Up............................................- 35
DOWIL 2 « o o o s A )
Stabllizer cmtrol l:lmits (from peutral positiom), deg - :

LiE. UP ¢ o ¢ ¢ o » o o ¢ ¢ v & o o o 6 s o« s o s o s s« s s & o ¢« o v o o o« a a s s s a s s+ L1.25

L.E. doWll « & =« ¢ ¢ = ¢ o o s o o v a s s s v s«

Vertical teil: . . : A, B

Total. ares (i.ncludes 0.93 g9 rt cmrered by fuselsge, excludes 3.96 sq ft doreel £in), aq ft 33. 4%

; ..
Bpen (uncovered), FL « o ¢ o « + o o« o 2 s o s s » s s v ot v e s e v s w e e e ey To52
Hefight from groubd, 5 ¢ o o v o o o & o s o o s o o o 2 o s s o 2 s o s s s o o s s v o « s« 1k Th
Sweepback Of 0.25-chord 1dne, @ « « o « « v o &+ o o v o s o s o o ¢« ¢ 5 ¢« s & s ¢ 6 a0 o o e 35.0
Rudder aref, B ©h + & v ¢ « « « o « ¢ o o o ¢ o o o o o o o s o « s o o o v o o 1 2 0 u o o . 8.1
Rudder static control 1Imlte, Geg « « o = « « ¢ o o o o ¢« o« =« ¢ » s s ¢ ¢ « ¢ o s = ¢« s ¢« s« 3215
Fugelage: . . .

Total 1ength, IMe v o « o v o o o & o o o o v o b 8 o s s e e e s a e e e e e, . 2 EL
Meximum width, IM. & o v J e o 4 o o o o o s o o o 5 s o 5 s ¢ s 2 « = = ¢ e s s s 00 0e0es 600
Moximum depth, . . o o 4 4 ¢ s o ¢ o o s « s e s c e 4 1 s e s s e e e g e e e 60T
Fineness TBE10 <« v v o & o o o 4 s v o vt s v v e e s st a e m s e e e s 6,59
Speed brake ares (effective frontal sres, both Bides), 8 F£. « v o « « ¢ & o ¢ o o o o o o o & 8.6

POWEr PLADL « « « o « « o o o s « « « + s ¢ o o o ¢ o 6 o s s s o s s s s o o o « General Electric J-47
Arplane 5eri8l NUTDET « o o o % « « « & o o o o o 2t s o = o s o m e e e e e e e e e s . AFhG1285
Measured airplane weight (full Fuel), 1D .« « & o « o o o o « o o o = o = o « = « « ¢ o & + « « « 14,2237
Measured airplane center-of-gravity position {full fuel, gear down); percent M.A.C. . . ... . 20.T9
Alrplane design gross weight for stress analysis (rockets in), 1b e veseeeserascntacnre b x o o o 13,395
Approximete moments of inertis about reference sxes through centexr of gravity of airplane

(weight 13,395 1b, gesr up, rockets in), slug-ftZ;

Pitch v ¢ ¢ ¢ o ¢ o « o o o 27,930

A 18 £
ROIL & 4 a6 ¢ t o 4 6 v o 6 o a « o o 8 3 5 ¢ s ¢ s 8 6 8 8 s s 5 5 v o = s 2 s ¢ o s 8 e o »



NACA RM L52C19 - 11

TABLE IT

MANEUVER CLASSIFICATION

Figure
Operational maneuvers:

Lazy eights . ¢ « « « & e 4 e e e s s s s e s e 2 to 6

Chandelled . « « « ¢ = s s o ¢ o s o s s o s s s s o s s T to 8
Dive and pull-oufd « o o + o ¢ o o o o o = s s o o o = o & 9 to 26
LOODE « « o o o = o o s o o s o s o o s a s s« o o « « « « 27 to 36
ITmmelman BUXTIB « o « o o « « o ¢ o o o o o o ¢ o o o s o « 37 to 4h
WINZ-OVETB . & 4 o o o o + o o o o o ¢ o o o o o o s o« « « U5 toh8
SP1it=8 + ¢ e o o o s & o o o e s s e s s e e s e s e s« U9to55
Barrel TOL1E o « « « o o o « o o o s o o o « « o « & o & & 56 to 93
TUTTIE « o « o o o s o » s a o o o o o s o o s « o o o« o « 94 to 194
Fightails . ¢ ¢ e « o ¢ o s o o 2 s o s s © s s s o o s &« 165
StBI1E « « « » o 8 ¢ o o o o = s o e o s s s e s s s s « o 196 to 198
Landings . « « « o« & e s e e s € o s e s e a e« ¢« s ¢« « o 199 to 201
Requested maneuvers:
S1AeBIIPB « « o ¢ « o ¢ 2 o o s o 2 s « s e s 4 o o s o« 202t0 212
FIBNtAI18 « o o o « o s « o o s o s e o o o o o o o o« o & 243 to- 216
Barrel TOllB « o« « = o 2 o+ « o a o s « s o o o o a « o« » o« 21T to 220
TUTTIE o o o o o o o o o « o a s o o o a o a « o o ¢ o « « 221 to 224
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Figure 10.- Turn entry into a dive, pull-out, end climbing right turnm.
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Figure 10.- Concluded.
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Figure 1l.- Dive and pull-out followed by a climbing left turn.

mean serodynamic chord.
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Figure 12.- Dive and pull-out, follawed by a rolling climb and turn entry

Airplane weight, 13,750 pounds; Center-of-gravity

location, 21.1 percent of the mean aerodynamic chord.

into a dive.
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Figure 16.- Dive and pull-out.
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' Alrplane weight, 13,650 pounds; center-
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Figure 17.- Dive and pull-out.
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Figure 18.- Dive and pull-out.
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Figure 21.- Turn entry into a dive, pull-cut, and climbing left turn.

cent of the mean sercdynamic chord.

Airplene welght, 13,500 pounds; center-of-gravity locatlon, 21.2 per-
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Figure 21.,- Concluded.
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Alrplane welght,

Time, sec
13,350 pounds; center-of-gravity location, 20.9 percent of the

mean aerodynamic chord.

Flgure 22.- Turn entry into a dive and pull-out.
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‘Airplane weight, 12,400 pounds; center-of-gravity

location, 21.1 percemnt of the mean serodynamic chord.

Figure 23.- Dive.
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Figure 24.- Roll entry into a dive.
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Airplane weight,

13,550 pounds; center-of-gravity location, 20.9 percent of the

mean aerodynamic chord.

Figure 25.- Roll entry into a dive and pull-outf.
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Figure 28.- Roll entry into a dive and pull-up into a loop.
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the mean aerodynamic chord.
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Figure 28.- Concluded.
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Figure 31.- Half loop with roll entry into a diving turn.
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Airplane weight, 13,300 pounds; center-of-gravity

location, 21.2 percent of the mean aerodynamic chord.

Figure 32.- Loop.
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Figure 33.- Loop.
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Flgure 35.- A loop followed by an Immelman turn.

Alrplene weight,

13,000 pounds; center-of-gravity locatiom, 21.0 percent of the

mean aserodyneamic chord.

Control position, deg
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Figure 36.- Two loops followed by an Tmmelman turn.

Airplane weight,

13,150 pounds; center-of-gravity location, 21.0 percent of the mean

aercdynamic chord.
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Figure 36.- Continued.
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Figure 36.- Concluded.
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gravity location, 20.9 percent of the mean serodynamic chord.

Figure 37.- Immelman turn.
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Pigure 38.- Tmmelmsn turn.
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Figure 39.- TImmelmen turn..

Airplene weight, 13,550 pounds; center-of-

gravity location, 20.9 percent of the mean aerodynamic chord.
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Figure 40.- Concluded,
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Figure Ll.- Roll entry into a dive and pull-up into an Immelman turn.

Alrplane weight, 13,300 pounds; center-of-gravity location, 20.G per-

cent of the mean aerodynamic chord.
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Figure 41.- Concluded.
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Figure 42.- Roll entry into a dive and pull-up into an Immelman turn.

Alrplsne welght, 13,700 pounds; center-of-gravity location, 20.8 per-

cent of the mean serodynamic chord.
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Figure 42.- Concluded.
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of-gravity location, 20.9 per-

Figure 43.- Roll entry into & dive and pull-up into en Immelman turn.

Alrplsne welght, 13,250 pounds; center-
cent of the mean serodynsmic chord.
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Figure 43.- Concluded..
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Figure 44.- Dive, pull-up, and querter roll entry into an Immelman turn.

Alrplene weight, 13,700 pounds; center-of-gravity locetion, 20.8 per-

cent of the mean aerodynemic chord.
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Alrplane weight, 12,850 pounds; center-of-gravity

location, 21.0 percent of the mean aerodynamic chord.

Figure 45.- Wing-over.:



85

H % Bop ‘uopisod o4uo9 _ :
" ‘3L Jezyignis s%m_"_ 935/5U0jp0J
e 1040A8|3 uaispo 1By P "yyo0jen Jopbuy
x dn uwq dn umoQ IDULION Wid MDA
% xzu N 9 otodo vnowgoFON W T+ N O N0 N-O - o
3 T
} — 4
. N
: [ . N
]
I I _ a
: i
\ / r ]
\
\
‘ =] M-IW. — m .m (@]
\REN] STITLS S G SIS SIS 2 8 &
1l a - [=] .M @ n.Uﬂ = .N Dl..ul x -
* sITH2 4 ) SHH s-HH| 2
] S L
0
g ) °
B
e
)]
(o)} |
i
_ _
in\ o T ® o 0T OTwm ® ¢ O T @® oo N—OTd 4.2nuoh4,onum0
H
o W oy uo by
BASUL !
2 yduw* A seppny ioupnybur SsleAsLL Bop ‘oibuo dysapig
m o409 poo] ‘fyoojan sojnBuy

Time, sec
Alrplane welght, 13,800 pounds; center-of-gravity

location, 20.8 percent of the mean serodynsmic chord.

Figure 46.- Wing-over.
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Figure 46.- Concluded.
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Airplane welght, 13,750 pounds; center-of-gravity

location, 20.8 percent of the mean serodynamic chord.

Figure 47.- Wing-over.
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d by s wing-over.
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12,700 pounds; center-of-gravity location, 21.0 percent of the

Figure 48.- Right turn foll
mean aerodynsmic chord.
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Flgure L48.- Concluded.
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ght, 13,400 pounds; center-of-gravity

location, 20.9 percent of the mean aerodynamic chord.

Airplane wei

Figure 49.- Split-S.
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Airplane weight, 13,300 pounds; center-of-gravity

location, 20.9 percent of the mean aerodynamic chord.

Figure 51.~ Split-S.
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Filgure 52.- Climbling entry into a split-S.

Airplane weight,

3 center-of-gravity locatlon, 21.2 percent of

the mean aerodynamic chord.

13,650 pounds
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9 percent of the mean aerodynamic chord.

Airplane weight, 13,500 pounds; center-of-gravity
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Figure 53.- Split-S.
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cent of the mean serodynamic chord.
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Figure 54.- Concluded.
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Figure 55.- Split-S followed by a right barrel roll.
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Figure 56.~ Right climbing barrel rolls.
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Figure 57.- Pull-up and right barrel roll.
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Alrplene welght,
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Figure 59.- Left barrel roll followed by a right turn.
aerodynamlc chord.
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Tigure 60.- Left barrel roll. Airplane welight, 12,250 pounds; center-of-

gravity location, 21.1 percent of the mean serodynamic chord.
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Figure 61.- Left barrel roll followed by right and left climbing and diving
Airplane welght, 12,850 pounds; ‘center-of-gravity location,
21.0 percent of the mean. aerodynamic chord.
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Figure 62.- Left barrel roll followgad by a left- climbing turn. Airplane
weight, 12,900 pounds; center-of-gravity location, 21.0 percent of the
mean aerodynamic chord. '
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Airplsne weight, 13,900 pounds; center-of-

gravity location, 20.8 percent of the mean aerodynamic chord.

Figure 63.- Left barrel rolls.
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Figure 64.- Pull-up into a left barrel roll. Airplane weight, 13 #9550 pounds;
center-of-gravity location, 20.9 percent of the mean aercdynamic chord.
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Airplane weight, 13,050 pounds; center-of-

gravity location, 21.0 percent of the mean aerodynamic chord.

Figure 65.- Left barrel roll.
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Alrplane weight, 12,800 pounds; center-of-

Figure 66.~ Left barrel roll.

gravity location, 21.0 percent of the mean aerodynamic chord.
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Airplane weight, 13,350 pounds; center=of-

gravity location, 20.9 percent of the mean serodynamic chord.

Figure 67.- Left barrel rolls.
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Airplane welght, 13,300 pounds;

center-of-gravity location, 20.9 percent of the mean serodynamic chord.

Figure 68.~ Left and right barrel rolls.
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Figure 69.,- Left and right barrel rolls.

Airplane weight, 13,750 pounds;
center-of-gravity location, 20.8 percent of the mean aerodynamic chord.
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Figure 69.- Concluded.
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Figure T70.- Left and right barrel rolls: followed by a left climbing
Alrplsne weight, 13,700 pounds; center-of-gravity location, 20.8 percent

of the mean aerodynamic chord..

turn.
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Figure T70.- Concluded.
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Time, sec

Airplane weight, 13,450 pounds;

center-of-gravity location, 20.9 percent of the mean aerodynamic chord.

Figure Tl.- Left and rilght barrel rolls.
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Figure T72.- Left and right barrel rolls followed by & left turn. Airplane

welght, 13,800 pounds; center-of-gravity locatilon, 20.8 percent of the
mean aerodynamic chord.
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Time, sec
Figure T2.-~ Concluded.
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~Airplane weight, 13,550 pounds;
center-of-gravity location, 20.93 percent of the mean aerodynamilc chord.

Figure T3.- Left and right barrel rolls.
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Alrplane weight, 13,100 pounds;

center-of-gravity locatlon, 21.0 percent of the mean aerodynamic chord.

Figure Th.- Right and left barrel rolls.
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Figure Th.- Concluded.
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Alrplene weight, 12,350 pounds;

center-of-gravity location, 21.1 percent of the mean aserodynamic chord.

Figure 75.- Left and right barrel rolls.
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Time, sec
"Airplane welght, 13,700 pounds;

center-of-gravity location, 20.8 percent of the mean aerodynamic chord.

Figure T76.- Left and right barrel rolls.
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Airplane weight, ‘13,150 pounds;

center-of-gravity location, 20.9 percent of the mean serodynsmic chord.

Figure T78.- Right and left barrel rolls.
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Airplane weight, 12,850 pounds;

center-of-gravity location, 21.0 percent of the mean serodynamic chord.

Figure 79.- Right and left barrel rolls.




NACA RM L52C19

128

SU R X
: |
TN Bop ‘uoyysod poyuon
" ‘3L JBZIqOIS 404004 09S/SUDPD
o} J0DA8|3 vaso IRy poo} Kyooiea Ionbuy
x dn uwq dn umog IpuLoN wHd MDX
N 2 2 ¥ o¢ovo NOTOTON W ¢ N O N=O=N—O0- mmm
t " W
g
Q
I A ] . @ m
f l & [ =
1 ] ® \
& )| > \
) e
= L
ok R 2 2
..uﬂ N ! 4 [SHRY {]
s i , .‘.r.i ST AENERY
5 o NUENR AN 4 = NEES 3 Q
-H ° s o 5 = | H o
T -3 3 5 3 E_L1Y 3 B wl o
2 3 2 = 5157 fia L[] =
e < > STz T 2
f o . ¥ ”
| -4 N AN
le | ) T
e [ | NN
| \ y | 1] m
v ¢ ® W OFOF® @® « O ¥ ® NOY N~OC7Q SYNONTO®DO
1ubiy H31 1oy 1o WBiy
T ITRUN Jeppny loupnbuc S5IeASUDL Bap ‘sibup dijsepig
Bap ‘uojpsod Jojoo4 D8g/supipol
jspuo0 poOT “fpoojan iojnbuy

t__

Figure T79.- Concluded.
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Figure 80.- Left and right barrel rolls. Airplane weight, 13,100 pounds;
center-of-gravity location, 21.0 percent of the mean aserodynamic chord.
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Figure 80.- Concluded.



NACA RM L52C19 . 131

TT1 i 1 x10%
6 xi02 =
= Hp s
5 - A =
] 1 P l. ! 7 -~
= 4 = // = V[ =1 £
E 5
= 3 ; ui
Stabilizer is. !5“":
7 (o) 25
g o e 1guz®

gj..g 4 i i Elevator 8 5
ES (0] ] %

:‘gé 4 tudder 2 &

¥ s 18 . 8 g
T Aileron 4

§ - — lo] -]

8 - 4 5

=Ny s §n:
E 4 Longitudinal 12

- - ——t . L~
h (o] 6
AN
g, 3 .

S = ‘5
§g f sees Normal E EE’
—‘LE -'8 - -t 2 u-

3 2 T | ]
2 o}
E O e 0 AT
s 2 CINSFS T Transverse
Vd -l I 2
fa . Pitch AY -I
>
é 2 £ — hi 0 g:’- 8
S8 I 2 Rol o °'-§Q
g 30 A ‘ = o 5
-E'E “ =T !
g\ -2 NNV N b - Iv"" & \ II o g
2 1 A A Yawli 1/ l.>-
-g:-; Y
o 4
$ 2
g 0 No record
g 2
o
a ¢4
B 6 e
2 & haCA. T
®ZE 0 : o B e eI s
& O 0 . 20 . 30 40
Time, sec
Figure 8l.- Dive and pull-cut followed by left and right barrel rolls. .

Airplane welght, 13,700 pounds; center-of-gravity loca.tion, 21.2 percent
of the mean aerodynamic chord.



132 .  NACA RM L52C19
5|1L 30 x 103
x 10
28
4 P &
26 *
= 3 v £
g 24
= 2 tf
- i_%si—'
s tabizer & %
£ EC ST < 3= g
g &8 Elevator 4 g‘”;g_
8 5 4 8 O
'\8 - -
g% & 2 Rudder 2 &
8
= %o = s B E
1 ~o B8
8 .Aler_on y 4 E
8 [+4
s 4 l2.§
5 ==re -
2 o - ==
'g Y Longitudinal 6
95 4 4 g8
3 Samnaas: - £33
w % -8 4 AY Norma
) == ' — ;
é 0 AN " N . o
-2 ransverse. s
- - = “ 2
1
. ! "
- A N Pitch . >
= P mn == P \ = 2
%2 _ | a A S =1 n-g _
§j§ é_s - Rol ?
%E -2 - au = 40 &
= Yow \' y 1 =
33 4 s
= 2
;;.f o} No recor
5 2
g 4
F < NAA
2 8 =
“Z 00 T T Bt 2
g 0 10 20 _ 30 T 40
Time, sec

. Figure 82.- Dive and pull-out followed by right and left barrel rolls,

Airplane weight, 13,350 pounds; center—of-gra'vi‘g,y lopati.on, 20.9 percent

of the mean aerodynamic chord.



NACA RM L52C19 ) . _ 133

04 T 23 x10°
5x102 Hp
= 21
4 - < Vi - =
s 19 “
< 3 £
g LA
= 2 i
8_£“SFJ
Stabilizer 4 L
. o §'§
5 of AT s Ssspei
§. E?B Elevator “§L”E
59 % 4 - 8 0 :§'
5’%5 4 Rudder 28 g
% 8 1118
4 J 4
— (o]
8 < Aileron 4 E
: 8 §::
= 4 12
g —] e . | A —
: 6
g' ° Longitudinal
P -4 : 4 38
gg <—Normal §§§
-2 -8 - d orm 2 .
2 2
2 0 = - °
-2 Transverse
[ 4 >
r= 4 = ;#c1 Ao > ]
2 ot EEan s sz ann i, §§'E
%i _ =1 a-g
g € ° N Roll . 2 ’S
= -t /| | . A ¥
g‘ _2 A 1 - /I o >°-
- AY Yaw- |
3 4
)
g 2
o 0 No record
g 2
c a .
g °© e
s 8 -
?E |0 B 5 ,
£ O 0 20 . 30 40
Time, sec

Figure 83.- Roll entry Into a dive, .pull-out, and left and right barrel
rolls in a Bteep climb. Ailrplane welght, 13,750 pounds; center-of-
gravity location, 20.8 percent of the mean aerodynamic chord.



NACA RM L52C19

134

L S | | | :
ey B ‘uongsod fouuon
"3°L Jezyigpis E 401304 935/SUKpDJ
(= . IOAB(3 v by - pool 00 Jombuy
x gy weg dy umog IDULION Pid MDA
N N 9 bk oot owodToOoON © ¢ N O N—O-N—-O = | 8
” N . N X : . 1 u
i
0
ks
L
8
8 g
E
T
lJ | w
=] o
- X e et -
..TW.H . > 2111 = m © S = u.l y .m
_ N ot o 2 E ] 3] +o-ht 2 g
TS AT TS T e HE c1plo 3
o P b / m -~ m A [2]
H[e] o 0 RN z
x Ll l _ _ ; 1 Q
© o« [ OTOT O o O ¥ O NOoo N—-Oo FTNONT O O
Wby T8} v _ lioy _ ue _mo_m
ycw ' soppny oupnybuoT] SsJaNSUDL Bap ‘aibun dsepis
Bap ‘uorgsod 103004 295/sUbpO)
1o4uop poo] Kyoopen soynbuy

Figure 83.- Concluded.
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Figure 84.- Roll entry into a dive followed by left and right barrel rolls.
Alrplane weight, 13,100 pounds; center-of-gravity location, 21.0 percent
of the mean aerodynamic chord.
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Figure 87.- Concluded.
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Figure 88.- Concluded.
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Figure 89.- Right turn followed by left barrel roll and turn.

Alrplane

welght, 13,450 pounds; center-of-gravity location, 20.9 percent of

the mean aercdynamic chord.
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Figure 89.~ Concluded.
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Figure 100.- Left turn.
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Flgure 102.- Left turn.
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Alrplane weight, 13,600 pounds; center-of-gravity
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Filgure 103.- Left turn.
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Figure 104,- Left turn..
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Airplane weight, 13,850 pounds; center-of-gravity
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Figure 105.- Left turnm.
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Airplene weight, 12,900 pounds; center-of-gravity

location, 21.0 percent of the mean aerodynamic cherd.

Figure 106.- Right turn.
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Airplane weight, 13,300 pounds; center-of-gravity

location, 20.9 percent of the mean aserodynamic chord.

Figure 108, ~ Right turns.
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Airplane weight, 13,450 pounds; center-of-gravity

location, 20.9 percent of the mesan aerodynasmic chord.

Figure 110.- Right turn.
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Figure 110.- Concluded.
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Airplane weight, 13,200 pounds;

center-of-gravity location, 20.9 percent of the mean aerodynamic

chord.

Figure 11ll.- Right and left turns.
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Figure 111.- Concluded.
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airplane weight, 12,800 pounds; center-

of-gravity locatlion, 21.0 percent of the mean aerodynamlc chord.

L
b

Figure 112.- Left and right turns;
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Figure 112.- Concluded.
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Figure 113.- Concluded.



NACA RM L52C19

178

J i s L3 k _ ' “ |
| N n_ 1 m. i “ H
NERTR Bep ‘uaysod G0
° "I°L Joz|KDIS Jopood 208/5UDPD
o 1040A9]3 uoiso Jybry - poo] Kooy Jopbuy
x dan uwog dn usoq PULON id MDA
© o v ¢ VYOTwW NOFTOFOAN W ¢ © O N—O=N=Q o
I [ A _ T«
I
{
[ { ]
3 p. .
| ]
jiseeE “ :
1 . 7 : 13
4 ] V
i 1
I ] ] e
= o
: f : El [ W
N 1 S5 TS STHIIS E oL sAHHHHN ]
B s HHEHeHHIS CRNRANE SOy SIS SN ° o
T = B> o = e oll [ e Z N
mnmm e < o 4 5 y { .
o ) & T
I ] "
]
/
\ (I )
] " : i ) —, o)
I k _ [ f , -
118
I i . )
] A [ {
1 \
11 ] HE !
© _ w 4 Y
o PR CYOT®  ® * O ¥ ©® NO N-OT§ VYNONT®®O
bRy 1oy _ 1104 Ho by
ydw* A 49ppny IoupnybucT SslansuoL bep ‘sjbuo disepig
bep ‘uoipsod 104004 ,,, Js/sugpo
1o4u0) pooT] ‘A100jaA JojnBuy

Time, sec

Figure 114.- Climbing left turn-followed by a right and left turn.
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plane weight, 12,750 pounds; center—qf-graviﬁy 1ocatiqi::1, 21.0 percent

of the mean aerocdynamic chord.
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Figure 115.~ Left tumm, climbing right turn followed by left and right
turn. Airplene welght, 11,950 pounds; center-of-gravity location,
21.2 percent of the mean aerodynamic chord. :

—



R T B S N i

NACA RM L52C19

Time, sec

180

i RIS N o
TR Bep ‘oysod puudy |
‘'L Jezgois 404004 98/SUDIPDU
f 1040A3[3 w0 By poO] yoron Joiry
¢ g uwqg dn umoqQ DULIN - Yild MOL
M m = 5 YOO NOTOTON O & o O N—=O=qN~=0O
_ _ o ®
R
SN
-
R
(@]
(0o}
Q. —
X ]
i
B ]
| £ 2 ]
I 5. b} )4
LN [ 2 S an =\ e
sTEITL @ g o ) »TTo po < 10
OTTEMTS o c E crT& 3 lM. 2 o
o TR ST ST et ST SHHT e e e e @ ’
gm SRR @ < - 2
] v
,, \
o {
1O \
[ {se] L1} ; %
wn < 1) o 8_4048 [+4] << o 4_. @.204_ 2[04»1 4202468.1
_ Wby Ty liod 4o Wby
yow* /A Jappny joupnyibuo ssJansunl], bep ‘ajbuo disapig
bap ‘uoiysod 404004 995/sudipol
faLuo) pooT ‘Ayooea sombuy

Figure 115.- Concluded.
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Airplane weilght, 12,950 pounds;
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Figure 116.- Right and left turms.
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Airplane weight, 11,750 pounds; center-

of gravity location, 21.6 percent of the mean aerodynemic chord.

Figure 117.- Sharp left turn.
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Airplane weight, 11,950 pounds; center

of gravity location, 21.2 percent of the mean aerodynamic chord.

Figure 118.- Sharp left turn.
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Alrplene welght, 13,400 pounds; center-

of gravity location, 21.2 percent of the mean aerodynamic chord.

Figure 119.~ Sharp left turn.
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Figure 120.- Sharp left turn. Alrplane weight, 12,650 pounds; center-
of gravity location, 2l.4 percent of the mean aerodynamic chord.
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Airplane welght, 12,100 pounds; center-

of-gravity location, 21.2 percent of the mean aerodynemic chord.

Flgure 122.- Sharp left turn.
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Flgure 123.~ Sharp left turn.

Airplane weight, 12,400 pounds; center-

of-gravity locatiocn, 21.1 percent of.the mean aerodynamic chord.
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Figure 124.- Sharp left turn. Airplane weight, 13,250 pounds; center-
of-gravity locatlion, 20.9 percent of the mean aercdynamic chord.
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Airplesne welght, 13,750 pounds; center-

of-gravity location, 20.8 percent of the mean aerodynamlc chord.

Figure 125,.,-~ Sharp left tura.
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Figure 125.- Concluded.
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Figure 126.~ Sharp left turns.,
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Figure 128.- Sharp right turns.

of-gravity location, 20.9 percent of the mean aerodynamic chord.
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center-of-gravity location, 21.3 percent of the mean aerodynmemic chord.

Figure 130.- Sharp left and right turna.
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Flgure 130.- Concluded.
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Time, sec

Figure 13l.- Sharp right and left turns.
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203

NACA RM L52C19

i 9y Bep ‘uoytsod ouon
o "L Jezigpis asm_m 995/5UDIpDJ
e 404DA9]3 Ui Jybry poo “poofen sombuy
§ o A uweg 4 usoQ IDuLIoN Wid  moA
N u 2 Y ovOovo NOTYOFON © & o O N—O0-N=0~ :
RANREL
I8
3/ 1
H
$ | |
- (@)
mim A Fo ~
ST ST ] [ v
& L8 TT e T y \ 1
MN [TY] m ¥ y, y
_ S
[
T - m G =X 3 m.
¢ - = =TTF E:
g eHya e Sz & £
agu ‘ , 2 SIS AN MR RNNT (2
“HE : :
A
g
[
)
_
m 1
_ |
(1> | ! I { Q
0 < 2] N Ot O Fw® 1] < (@) A_.. J....ZOJ._ 2....0[.....1 4202468@.
1461y W1 loy e by
ydw'!A Joppny loupnibuo asJaAsUD.L Bop ‘sibun dysepig
Bap ‘uoysod 404304 295/sUDipoI
lo4juo0) poa ‘Aaootea Jojnbuy

Figure 135.- Concluded,
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Alrplane weight, 14,200 pounds

center-of-gravity location, 20.8 percent of the mean aserodynamic chord.

.
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Figure 136.- Gentle left climbing turn.
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Figure 136.- Concluded.
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Time, sec

Airplane weight, 14,000 pounds;

center-of-gravity location, 20.8 percent of the mean aerodynamic chord.

Figure 137.- Gentle left. climbing turn,
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Figure 137.- Concluded.
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Airplsne welght, 14,050 pounds;

center-of-gravity location, 20.8 percent of the mean aerodynamic chord.

Figure 138.- Gentle right climbing turn.
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Time, sec

Airplane welight

5050 pounds; center-of-gravity location, 20.8 percent of the mean

aerodynemic chord.

Figure 139.~ Gentle léft and right climbing turms.
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'Airplane welght, 13,050 pounds; center-

of-gravity location, 21.3 percent of the mean aserodynamic chord.

Figure "140,.~ Left climbing turn.
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Figure. 1ll,~ Left climbing turn. Airplane weight, 14,050 pounds; center-
of-gravity location, 20.8 percent of the mean aerodynamic chord.
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Figure 142,- Left climbing turn. Airplane weight, 14,100 pounds; center-
of-gravity location, 20.8 percent of the mean aerodynamic chord.
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Time, sec

Airplane welght, 13,850 pounds; center-

of-gravity locatlion, 20.8 percent of the mean aserodynamic chord.

Figure 143.- Left climbing turn.
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Time, sec

Airplsne welght, 14,000 pounds; center-

of-gravity locetion, 20.8 percent of the mean aerodynamic chord.

Figure 144.~ Right climbing turm.
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Figure 145.- Concluded.
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Figure 146.- Right and left climbing turns,

.
2

Airplane weight, 13,950 pounds

center-of-gravity location, 20.8 percent of the mean aerodynamic chord
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Figure 146.~ Concluded.
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Alrplane weight, 12,050 pounds;

Time, sec

center-of-gravity location, 21.2 percent of the mean aerodynamic chord.

Figure 147.~ Left and right climbing turms..
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Alrplane weight, 1k,050 pounds;

center-of-gravity location, 21.1 percent of the mean aerodynamic chord.

Figure 148.- Sharp left climbing turn.
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Figure 149.- Sharp left climbing turn. Airplane weight, 13,100 pounds;
center-of-gravity location, 21.0 percent of the mean serodynamic chord.
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Time, sec

Airplane weight, 13,000 pounds;

center-of-gravity location, 21.0 percent of the mean aerodynamic chord.

Figure 150,.,- Sharp left climbing turn.
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Airplane weight, 11,850 pounds;

center-of-gravity location, 21.2 percent of the meen aerodynemic chord.

Figure 151.- Left climbing and diving turn.
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Figure 151.- Concluded.
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Figure 152.- Left diving and climblng turns. Airplane weight, 12,650 pounds;
center-of-gravity location, 21.0 percent of the mean serodynamic chord.



NACA RM L52C19

226

M Bep ‘whyysod ooy - _
"FL Jezgnis 404004 095/SUDIPDI
) Jojoas|3 veusip WBRY pooT Kypooren Joybuy
* _ dn g dn umog - fouwoN wild MDA
M & 2 & otodo yNOTOFON © ¢ & O N—=07Y =0z o
_ _ { _ N T <
I \ , : w b
A ) { ]
! _ { “
_ ( ¥ -
) \ 4 p { ]
__ B! { ]
/. .
X N \
: I
\ ; i INEND
i L [ [ (
1 H, A NEEED 5 Q
= ] (. ®
\ ]
" 2
ﬂ .
\ . \
f i . g _ S _
9 - [ B, o ol Te =11{3*
a m S m 2 €4 m..l-m nm.lqmvm )
g T it $=4 = o o o0
» i & ' € > b4
o (=
1 - )i I
[ I
T 1y )
1 i
o i 1
o I
b T 0 o DTOT®  @® o ¥ @ Noqg  N-O7§ NNOoNTO®WOO
by W 1oy we 1ubry
ydw*!A s=ppny loupnibucy SSoASIOAL Bop ‘aBud disapis
Bop ‘voysod Joyon4 ,, d8s/suoipos
[0 poGT Ky100(aA Jojnbuy

Time, sec

Figure 153+= Left climbing and diving turns.

Airplane welght, 12,400 pounds;

center-of-gravity location, 21.1 percent of the mean aerodynemic chord.
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Figure 153.- Concluded.
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Airplane welght, 13,350 pounds;

center-of-gravity location, 20.9 percent of the mean aerodynamic chord.

Figure 154.- Léft climbing and diving turns.
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center-of-gravity locatlon, 21.1 percent of the mean aerodynamic chord.

Figure 155.- Right climbing and diving turnm.
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Figure 155.~ Concluded.
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Figure 156.- Concluded.
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Figure 157.- Concluded.



235

NACA RM L52C19

Y ‘H Bep ‘uoyrsod oo -
'3°L JeZiIDIS 404304 995/5UDIPDS
o) 1040913 uasp bRy poo’) “Aigo010n JopBuy
x i wwog dn umoq IORLON wid MDA
N O ® O ETOYO NOFTOLON © ¢ N O N—-0-N—0= -
) T N <
/ F \ i
1 ]
\ ]
_ i
f i i 2
! FEEL
L 4
w STt - m & j=
o T o = L
T o T i &4113 g TSI S T E T 8 &
Iy b o. @ll s 21 S c & @ L R|>~ -
” 0 il < ..m.u"_ 2z rmh. M
/
y 11¢
A
{ ! .
} o
y p \
3 {
. )
m Y
-
um“ + ™ o WSOt ® @ & O ¢ ® O L N~-O-Tq YTNONT ©®O°
_ A6y W _ loy e By
yduw*'A sppny louPniBuaT BsIoASUDIL Bep ‘5)b6up dysepis
Bep ‘uorysod lojo04 . e/suopol
040D poo Ayroojon Jojnbuy

———— e

Time, sec

Alrplane welght,

Figure 158.~ Left and right diving and climbing turns.

12,350 pounds; center-of-gravity locatlon, 21.1 percent of the mean

serodynamic chord.



NACA RM L52C19

236

"o

12 x10°

boj sl® A A U

H oy Bop ‘voysod pouuon
"q7L 48ZADIS _ 404304 095/5UDIpDI
JojpAal3 uaRpo Jyby _ poOT] “Kioojaa ipinbuy
dn uwwoq dn . umog [DULION Yiid MDA
Q © © o¢vOT®m NOFOTON © ¢ N O N—=0-=N=O- 3
: - T
-
1
] J ilnl
3 37 1
-
y i e
J
9
] H ..M
o ) o =]
I c — A, Py
Funardoni SHTS EARRRNR S ap A AR ] § S
S e T SR C e s e LS S
STYE. 18 ot ST 2 S 2 E ;
. 172 L - o b - zZ i %
) . u
A &
7 &
o«
A \ @) =
X p (s}
h
h
(o, .
* 1 T m
n o o ©< O G ¥ O ¥ ® oo N-O0+-0N YTNONYSO®O
by T3] 10y W b1y
ycw Ip Rppny ioupnybuay SsaansI Bop ‘aibup disapig
Bap ‘uoiysod 404004 o 35/ SuDipa
joyuo) poo ‘KyroojeA sojnbuy



NACA RM L52C19 . - ) 237

- 32 xI10°
5x102
30
28 &
= 3 M- Vi =
£ 26
= wi
>z 88
Stabilizer ; g 5
= o2
§ a Elevator a §5;§ _g:
_.§:‘B 4 8 (7} §
§§ E 2 Rudder 128 g
2 & g 8 g g
= 4 |
0
-
8 Aileron a §,
2
- 4 - 12
S Longitudinal
- -4 4 5 f.
Eg Normal §§‘§
?.é 2 Transverse (0]
([t -2 2
, Pitch - R 5 3
=3 2 0L%
8% : (=38
g 7] é o -2 =
_Eg I Roll | g.
- A~ E 3
g‘ -2 -~ — ~ O >°_
- Yaw d|
g- %
° 2
o o} No record
Th
c 2
s 5 £
S _ 8 ~NACA ]
wn .E IO - .Ar_z 2 |
& © 10 20 30 40

Time, sec

Figure 159.- Left and right climbing and diving turns. Alrplane weight,
13,250 pounds; center-of-gravity locatiom, 20.9 percent of the mean
aerodynamic chord.
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Figure 160.- Right and left diving and climbing turn. Airplane welght,

12,800 pounds; center-of-gravity location, 21.0 percent of the mean
aerodynemic chord. '
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Figure 162.- Right and left diving and climbing turns. Airplane welght,

12,850 pounds; center-of-gravity location, 21.0 percent of the mean
aerodynamic chord.
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Figure 162.~ Concluded.
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Figure 163.- Dive and pull-out followed by left and right climbing and
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Figure 164.- Left turn followed by a right climbing turn.

weilght, 12,150 pounds; center-of-gravity location, 21.2 percent of

the mean aerodynamic chord.
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Figure 167.- Sharp right diving end climbing turn followed by a left
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locaticn, 21.1 percent of the mean aerciynamic chord.
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Figure 184.~ Right diving turns.
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Figure 18k4.- Concluded.
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Figure 185.- Left and right diving turns. Airplene weight, 12,250 pounds;
center-of-gravity location, 21.1 percent of the mean aerodynamic chord.
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Figure 186.- Right and left diving turns. Alrplene weight, 12,800 pounds;
center-of-gravity location, 21.0 percent of the mean aerodynamic chord.
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Figure 186.- Concluded.
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Figure 187.- Left and right diving turns and a pull-out. Alrplane weight,
12,800 pounds; center-of-gravity locatiom, 21.0 percent of the mean
serodynemic chord.
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Figure 187.- Concluded.
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Figure 192.- Concluded.
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Figure 205.- Right sideslip.
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Figure 206.- Left and right sideslips. Airplane weight, 13,700 pounds;
center-of-gravity location, 20.8 percent of the mean aerodynamic chord.
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Figure 206.- Concluded.
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Figure 208.- Left and right sideslips. Airplane weight, 13,550 pounds;
center-of-gravity location, 20.9 percent of the mean aerodynemic chord.
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Airplane weight, 13,350 pounds;

center-aof-gravity location, 20.9 percent of the mean at_erodyn_amic chord.

Figure 209.~ Right and left.sildeslips.
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Figure 210.- Left and right sideslips. Airplane weight, 12,350 pounds;
center-of-gravity location, 21.1 percent of the mean aerodynamic chord.
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Figure 211.- Left and right sideslips.
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location, 20.9 percent of the mean aerodynamic chord.

Figure 213.~ Fishtails.
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Airplane welght, 13,300 pounds;

Figure 217.~- Left and right barrel rolls.

center-of-gravity location, 20.9 percent of the mean aerodynamic chord.
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Figure 219.- Roll entry into a dilve, pull-out, and left barrel roll.

Airplane weight, 13,250 pounds; cénter-of-gravity location, 20.9 per-

cent aof the mean aerodynasmic chord.
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Flgure 220.- Left diving turn end pull-up followed by a right barrel roll.
Airplene welght, 12,850 pounds; center-of-gravity location, 21.0 pounds
cent of the mean a.erod.ynamic chord.
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Figure 221.- Right and left diving turns followed by a left climbing
turn,
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Figure 221.- Concluded.
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Figure 222.~ Right and-left diving and climbing turns.
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Figure 223.~ Left diving turn followed by a right climbing and diving
turn,
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Flgure 223.- Concluded.
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Figure 224.~ Gentle right turn followed by a left turn. Airplane weight 3
13,450 pounds; center—of—gra.vity location, 20.9 percent of the mean
aerodynamic chord.,  —— — - . —_
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Figure 225.- Comparlson of maximum meagured normal loed factors with the
operaticnel V-n dilagram.
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Figure 227.- Variatlion of maxirmum piliching acceleration with indicated
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Figure 228.- Variation of maximum rolling acceleration with indicated
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Flgure 229.- Variation of maximum yawing acceleration with indicated
; alrspeed.
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